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The main objective of this project is to have a wireless pan and tilt platform. One
platform will track an object or person of interest until it is out of the camera
viewfield or platform limit. The next camera on the second platform will continue
tracking the image. This project involves the study on wireless system available and
how these wireless systems can be implemented into the project. The examples of
wireless system available are Bluetooth, wifi, Radio frequency and infra red.
Research has been made into the availability of each wireless system and the task is
focusing on the transferring the input data wirelessly from computer to the servo
motor by using RF and also bluetooth module. Testing method is developed by doing
some experiment in transferring the data and the performance measurements is taking
into consideration in completing the project. For the RF module, C codes for PIC
microcontroller at the transmitter and receiver side is developed. For the Bluetooth
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1.1 Background of Study
Wireless connection application was developed to reduce dependency on wired
devices. To make life become more sophisticated and simple, this is when a wireless
type of video comes into consideration. As for video conferencing devices, a wireless
camera is completely mobile units that deliver images direct to PC, laptop or
dedicated monitoring station via wireless application. The camera should recognize
the suspects based on database of suspect figures. Once the system recognizes the
suspect, the camera should follow the movement of the suspect.
1.2 Problem Statement
The current pan and tilt surveillance platforms are wired connected device, the
application of the device is limited. Once the device is installed, it cannot be move to
cater for a better view. As for the current system, the separate data incoming from
webcam is transferred via universal serial bus (USB) port while the movement control
of the platform will be done by MATLAB, which will then sending the signal for the
motor movement via serial port. Thus, for outdoor and wide installation the
application becomes difficult. By developing the wireless technology into the project,
one can place the camera everywherewithout worrying about the tedious installation.
1.3 Objective
• To enhance the design of the existing pan and tilt surveillance platform by
make it wireless.
1.4 Scope of Study
The scope of this project includes the study of wireless communication system using
RF module, Bluetooth or others wireless system available in transferring the desired
signal from PC to platform motor wirelessly. The main concern is to receive the
correct data through serial communication port whichconsist information to movethe
camera. The project also includes the construction of the circuit design for data





Bluetooth is an open standard specification for radio frequency (RF) based short-
range connectivity technology that promises to change the face of computing and
wireless communication [1]. Its main strength is its ability to simultaneously handle
both data transmission and voice transmission. It's capable of supporting one
asynchronous data channel and up to three synchronous voice channels [1]. Bluetooth
offer the facility for collaboration between devices, in the proximity of one another.
The aim is to eliminate the usage of cable. This system operates in worldwide
unlicensed 2.4GHz Industrial Scientific Medical frequency band. At least 2 nodes are
required to form Bluetooth network, either one of the nodes can be master. Master
will search the connection once the link is established.
2.1.1 KC-21 Bluetooth Module
This Bluetooth receiver module support TTL level UART communications. The
minimum UART pins that are needed are the Rx and Tx pins. When the device is ON,
the module will be connected to the PC via a bluetooth dongle. The device is then select
to connect to serial port service by Interface using HyperTerminal. This module is surface
mounted PCB which includes 14 general purpose input/output lines. This module
provide fully embedded, ready to use wireless technology. The datasheet for













Figure 1 Bluetooth KC-21 Module [8]
Table 1 KC-21 Pin Configuration [8]
Name Type Pin Number Description
RxD I 8 Received Data
TxD 0 6 Transmit Data
CTS# I 9 Clear to send (Active Low)
RTS# 0 10 Request to Send (Active Low)
DM I/O 11 USB Data minus
DP I/O 12 USB Data plus
MODE I 2 Reserved
Vdd 24 vDD
GND 23 GND
RESET# I 3 Reset Input (Active Low for 5 ms)
GPIO[0-15] VO General Purpose Input/Output
2.2 RF Transmission
A radio wave is an electromagnetic wave propagated by an antenna. Radio waves
have different frequency, and by tuning a radio receiver to a specific frequency one
can pick up a specific signal. Many wireless technologies are based on RF field
propagation. When an RF current is supplied to an antenna, an electromagnetic field
is created that then is able to propagate through space. To provide the RF
transmission, RF transmitter and receiver modules used to allow the implementation
of data link at speed. As for this project, the transmission process will utilize the
Amplitude-shift keying (ASK) method. ASK is a form of modulation that represents
digital data as various in the amplitude of a carrier wave [2]. As shown in Figure 2,
the carrier wave is multiplied by the digital signalf(t). Thus, modulated carrier signal
transmitted S(t) is described is the mathematical form below.
Sfi) -f(t)sin(2jifct + 6)
* i if W'\t » V u
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Figure 2 Amplitude-shiftkeying [3]
2.2.1 TLP-434A Transmitter
The RF transmitter module used for this circuit is TLP-434A. This unit operates from
2 - 12VDC. A range up to 200m is possible. The transmitterwill modulate the data
which received from the binary 12 bit encoder, HT-12E by utilizing the amplitude
shift keying, ASK, method. The frequency for the transmission is 433.92MHz.
Datasheet for the transmitter is attached in the APPENDIX B. Using the Digital Data
Input (pin 6) command, the content of the data aretransmitted.
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pin 1 : GND
pin 2 : Data In
pin 3 : Vcc
pin 4 : Antenna ( RF output )
Figure 3 TLP-434A RF Transmitter [9]
2.2.2 RLP434A Receiver
Data is gathering by using receiver PLP434A. As shown in figure below, this receiver
module consists of 8 pin. Pin 2 digital output data will be used for transferring the
data to decoder. There are several important parameters such as signal-to-noise ratio,
data rate and bandwidth that need to be considered in determining the successful a
receiver interpreting an incoming signal. An increase in data rate, increases bit error
rate. An increase in SNR, decreases bit error rate and an increase in bandwidth allows
an increase in data rate. Datasheet for this Receiver is attached in APPENDIX B.
43.42am pin 1 : Gnd
pin 2 : Digital Data Output







Frequency 315, 418 and 433.92 Nlhz supply Voltage: 3.3-6.0vdc
Output: Digital & Linear
Figure 4 TLP-434A Receiver [9]
2.2.3 Encoder
Before transmitting the data to the transmitter, HT12E encoder is used to encode the
data obtained from the computer. A data stream will be encoded onto a carrier signal
that will than be propagated by means of an electromagnetic wave which called
modulation process. Encoding technique is used so that the circuit construction is less
complex. The data will than can are transmitted together with the header bits via the
RF transmitter











The series ofencoders begin with 4 word transmission cycle when the transmission is
enabled. Once the trigger signal, TE, is receiver, the RF transmission medium will
then transmit the date together with the header bit. Once the transmission disable, the
encoder will stop sending the data. Encoded data serial transmission output will be
sent to the transmitter via pin 17. Datasheet for this encoder is attached in
APPENDIX C.
Power On
Figure 6 Flow chart of the encoder [5]
As shown in Figure 6, once the encoder is enabled bygiving a HIGH input at pin 14,
the 4 bit data will be transmitted. Transmission process will be continued as long as
the TE pin is in the enable.
2.2.4 Decoder
HT12D decoder will receive serial address and data from a programmed series of
encoder that are transmitter via RF transmitter. This decoder will compare the serial
input data a few times with their local address. The data will be successfully decoded
and transferred to the output pin if it is matched with the local address. There are VT
pin to indicate a valid transmission. Detains description regarding this encoder is
attached in APPENDIX D.
AOC 1 W 1« PVDD
A1C 1 17 HVT
A2C 3 18 HOSC1
A3C 4 15 HGSC2
A4C S 14 3 DIN
A5C ft 13 hd-h
ABC ? 12 3 DIG
A7C 8 11 3 03
VSSC •& to HDS
HT12D
-18 DIP
Figure 7 Decoder 18pin [6]
2.3 MAX232
MAX232 is used to convert RS-232 level down to lower level which is 5 volt. The
RS-232 signals are represented by voltage levels with respect to a system common
power or logic ground and itswork with voltages -15V to +15V for high and low. On
the other hand, TTL logic operates between OV and +5V. Thus, the RS-232 signal
level is far too high and has to be reduced. Figure 3 below shows the schematic for
connection between RS-232 to MAX 232. Pin 14 and 13 will be connected to PC
DB9 Female. The datasheet for MAX232 is showed in APPENDIX E.
cbypass = 1 mf :--:
C1 7=Z 1 uF .3
C2 ^ 1 uF 5
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From CMOS or TTL 1. 10
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2.4 Serial Communication Interface RS-232
The communications links across which computers or parts of computers talk to one
another may be either serial or parallel. Parallel linktransmits several streams of data
along multiple channels, where all the bits of each symbol are sent together.
Whereby, serial link transmits a single stream of data. The data are sent one bit at a
time, sequentially, over a communications channel or computer bus. In this project,
serial is a better option because it is cheaper and easierto be implemented. ManyICs
have serial interfaces, as opposed to parallel ones, so that they have fewer pins. This
serial port will transmit a ' 1' as -3 to -25 voltsand a '0' as +3 to +25 voltswhere as a
parallel port transmits a '0' as 0V and a T as 5V. Therefore, serial communication
can cater for higher range of voltage level compared to parallel communication. For
this project 9 pin female connectors is used. The pin configuration for the connector
is listed in Table 2 below. Only two pinsare commonly used to communicate with the
microcontrollerwhich is the Transmit Data (TXD) and Receive Data (RXD) pins.
Table 2 DB9 Female connector
Pin Signal
1 Data carrier detect
2 Received data
3 Transmitted data
4 Data terminal ready
5 Signal ground
6 Data set ready
7 Request to send














• ^| Received by DCE Device
Transmitted from DCE Device
Figure 9 Pin configuration for DB9 female connector
2.5 PIC16F84A Microcontroller
The PIC16F84A employs an advance Reduced Instruction Set Computer (RISC)
single-cycle microcontroller equipped with 13 input/output pin [4]. This
microcontroller had enhanced core features, eight-level deep stack, and multiple
internal and external interrupt sources. The separate instruction and data buses of the
Harvard architecture allow a 14-bit wide instruction word with a separate 8-bit wide
data bus. The two stage instruction pipeline allows all instruction to execute in a
single cycle except for program branches which is required two cycles. A total 35
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instruction are available with an additions of large register set is used to achieve a
very high performance level. Datasheet for this Microcontroller is attached in
APPENDIX F.
2.6 PIC16F877 Microcontroller
There is the option of using one microcontroller at both transmitter and receiver side.
The data from the receiver is read by the microcontroller and than transmitted. At the
receiver side, it is read into the flash of the receiving microcontroller. The
microcontroller will be needed to set the address bit of the encoder and the
transmission bit. For this project, The PIC16F877 is used at the receiver side. The
PIC16F877 has 5 digital I/O ports (A-E) each between 3 and 8 bitswide. Each port is
mapped into theregister space, and may beread and written to like any other register.
The circuitry is such that it is not possible to physically input to and output from a
particular pin simultaneously. For most ports, the 170 pins direction (input or output)
is controlled bythe data direction register, called the TRIS register. TRIS<x> controls
the direction of PORT<x>. A '1* in the TRIS bit corresponds to that pin being an
input, while a '0' corresponds to that pin being an output [7]. The PORT register is
the latchfor the data to be output. When the PORTis read, the device reads the levels
present on the I/O pins (not the latch). This means that care should be taken with
read-modify-write commands onthe ports and changing thedirection of a pin from an
input to anoutput. The pins onthePIC16F877 are multiplexed so that one of several
functions may be selected (e.g. pin 2 may be used as either bit 0 of I/O port A, or as
channel 0 of the A/D converter). The TRIS registers control the direction of the port
pins, even when they are being used as analog inputs [7]. The user must ensure the
TRIS bits are maintained set when using the pins as analog inputs. The A/D allows
conversion of an analog input signal to a corresponding 8-bit digital number. The
output of the analog sample and hold is the input into the converter, which generates
the result via successive approximation. The analog reference voltage is software
selectable to either the positive supply voltage (5V) [7]. Datasheet for this
Microcontroller is attached in APPENDIX G.
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2.7 Servo Motor
For this project, standard type of servo motor is used to move the camera. Command
from the MATLAB will be executed and the motor will move the camera to the
desired location. Servo motor are comprised of a DC motor mechanically link to a
potentiometer. This motor is moved base on Pulse-width modulation (PWM). 1
millisecond pulse train will position the servo motor to the left. 2 millisecond pulse
train positions the servo motor to the right and 1.5 millisecond pulse train will
position motor at the 90° position.




In completing the project, all required procedures have been identified and as
illustrated in the Figure 11 below. All procedures are carried out subsequently at all
time. The procedure is continuously update as the project go so that to cater for the
need in completing the project.
Figure 11 Procedure identification incompleting theproject
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3.1 Literature review and analysis
Research is the prerequisite in the early stage ofthe project as to pursue on the next
procedures of the project. It is also to develop testing methods, performance
measurement and also to collect result from other works. Apart from that,
comparative study can be done during this stage and conclusion can be made base on
the analysis during the research. The examples ofthe material used are encyclopedias,
technical papers, datasheets, conference paper and journals. Afew solution methods
in implementing the wireless part for project are obtained so that comparison analysis
can be made before embarking on the selected solution. For project, the work done is
focusing on using RF and Bluetooth module indata transmission.
3.2 Circuit design and modeling
Circuit designed is carried out once the literature review is completed. The circuit
designed is base on the desired system implemented in the project which is RF and
Bluetooth module implementation. Datasheet and technical paper is referred in
making sure the correctness of the circuit wiring. Once the circuit is constructed, a
few testing is developed so that analysis can be made base on the result. Modification
ofthe circuit is made along the design process to get thebetter outcomes. The chosen
RF module solution to provide the wireless transmission consists of Transmitter and
receiver from Laipac Technology is used. HT-12E and HT-12D type of encoder and
decoder is recommended to be used with this RF module. This type of
implementation requires the interfacing with RS-232 and also the need of
microcontroller to program the data to obtain the desired output. A block diagram of
the RF solution is shown in figure 12.
Figure 12 Block diagram for the transmitter and receiver
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For the bluetooth solution, computer is used to be the host. After the computer is
configured by using bluetooth dongle, the bluetooth module is automatically accept
connection request and set to connect true bluetooth serial port. Connection is done





Figure 13 BlockDiagram for bluetooth connection
Self study ismade during this stage so that tofurther understand the desired data to be
transmitted. Streams of bits that represent character values form PC is sent to the
microcontroller for data transmission. Apart from that, knowledge in C programming
and data communication network is required in completing this task.
3.3 Integrating software design with hardware
Platforms for web cam mounting are being built. To make the servo motor move in
desired position, experiment has been conducted. Understanding on how to move the
servo motor by using microcontroller is needed. It utilizes the knowledge in C
programming and the technical knowledge to build the circuit.
3.4 Tools required
This project required integration of software and hardware in order to complete the
entire project. The following list shows the hardware and software used throughout



























For this project, two unit of platform is required. 160 x 160 x 85 mm size of plastic
boxes is used to be the base for the platform. Two units of servo motor are attached to
the platform to perform the pan and tilt operation. The servo motor is installed by
attaching to a 1 mm thickness of galvanized-plate.
s»
Figure 14 Camera platform
4.2 Servo Motor Movement
Servos have a very simple electrical interface; they usually have 3 wires, one for
power, one for ground and the other for the pulse train. Once power (4.8V - 6.0V) and
ground is supplied to the servo, the data wired is prepared to receive encoded signal
in the form of pulse width modulation (PWM). The duty-cycle is of 20ms, and the
pulse width contained within those 20ms varies from 1ms to 2ms. It is these
variations that control the servo. If a 1ms pulse is constantly fed to the servo, it will
position itself around -60° angle, 1.5ms and it will go to the center 0°, and 2ms will
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position the servo at 60° angle Circuit is constructed so that to have a basic understanding
on howto move the motor by decision based on predetermined situation and selection input
which programmed in the microcontroller. The schematic for the servo motor circuit is
attached in the APPENDIX H. Table 3 below shows the angle movement base on input
given to the microcontroller
A0 Al A2 Angle Movement
0 0 0 No movement
0 0 1 90° clock wise
0 1 0 45° clock wise
0 1 1 90° counter clock wise
1 0 0 45° counter clock wise
Table 3 Input pin to the PIC to move the servo motor
The selected input at pin A0, Al and A3 will then activate the servo motor at pin BO.
C Programming to control the servo motor is attached in APPENDIX M.
Figure 15 Servo motor circuit
4.3 Data Transmission for PC to PIC 16F877 Microcontroller
This procedure is used to test how to handles input from the RS-232 serial
communication and transfers the input to the Microcontroller by looking at the
incoming and outgoing data. As for this project, the PIC16F877 which has an
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integrated USART used to communicate to the devices such as hyper terminal and the
serial port monitor tool in CCS-PICC. These monitoring devices are used for testing
and troubleshooting so that to make sure there are data transmission. These devices
will transmit serially the characters typed on the keyboard. From the serial port, a
built in function is used to receive the character from the keyboard. For example, if
V is typed, the ASCI code for this character is 0x77. The output can be displayed on
the PORT D by using the LED. The hex value is first converted to decimal which
equal to 01110111. Thus, LED on PORT DO, Dl, D2, D4, D5 and D6 will be on. For
this project, the program is modified so that to move the servo motor by typing input
from the computer. C code is attached in the APPENDIX N and the circuit diagram
for this part is attached in APPENDIX I.
Figure 16 Circuit for connecting PC to Microcontroller
4.4 Transmitter/Receiver
The first alternative solution to transmit the data wirelessly is by using a transmitter
and receiver produce by the company name Laipac. The TLP and RLP 434A are
simple transmitters and receiver that transmit using radio frequency at 315 MHz,
418MHz and 433.92 MHz. to transmit the data, an encoder and decoder would be
needed. HT12E encoder and HT12D decoder are currently the proposed by the
Laipac to use with their product. Apart from that, there is the option of using one
microcontroller at both transmitter and receiver side. The data from the receiver is
read by the microcontroller and than transmitted. At the receiver side, it is read into
the flash of the receiving microcontroller. The microcontroller will be needed to set
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the address bit of the encoder and the transmission bit. The transmission bit will
trigger the encoder to transmit the data.
Figure 17 Transmitter circuit
Figure 18 Receiver circuit
4.4.1 Transmitter Part
The role of the transmitter portion of the hardware is to take data from the serial port
of a computer, modulate is as an amplitude shift keyed (ASK) signal in the 434 MHz
band, and radiate the modulated signal via antenna. The circuit diagram is attached in
APPENDIX J. The transmitter will work with serial communications commands built
into the PIC compiler. Streams of bit that represent character value for PC will be sent
to the communication pin of the microcontroller via RS232. MAX232 is than used to
convert the data to readable form for transmission. Figure 19 below shows block











Figure 19 Transmitter block diagram
The program of communication microcontroller determines that state output that will
be send via transmitter. C coding for transmitter part is attached in APPENDIX O.
4.4.2 Receiver Part
The receiver unit will detect and demodulate the ASK signal sent from the
transmitter. Serial output from the receiver is than decoded so that desired parallel
output can be obtained and sent to microcontroller. Pre programmed microcontroller
will than determined the movement of the servo motor. Circuit diagram for receiver is
attached in APPENDIX K and the block diagram is as shown in Figure 20. By using
the circuit in APPENDIX K, the servomotors can be controlled directly by receiving
data bit from the receiver which is than translated by microcontroller at the receiver
side. C coding for receiver part is attached in APPENDIX P.
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The second alternative solution to transmit data wirelessly is by using a Bluetooth
Module. Bluetooth adepter is connected to the personal computer which will then
provide a way to connect and send information to the bluetooth receiver module.
4.5.1 Bluetooth Basic Setup
Bluetooth module is power by 3.3V. A voltage regulator is needed so that to protect the
module. High voltage will definitely damage the Bluetooth module while lower voltage
will caused unstable operation. To regulate the voltage, LM1117 is used to supply 3.3V
power to the module. Once the Bluetooth module is connected, it will appear in the main
window below. The device is select to connect to serial port service by Interface using
HyperTerminal. At the hyper terminal any number typed is displayed on the 7 segment.
To control the servo motor, the module is interfaced with microcontroller. C coding is
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Figure 21 Circuit for Bluetooth data transmission
Once the Bluetooth dongle is inserted into an USB port and activated, by using
BlueSoIeil main window, it will search and discover any Bluetooth devices that are in
discoverable mode. If the Bluetooth module is properly connected and powered up, it
should be found by the software. Figure 22 below shows device found during the
Bluetooth device search.
22
* ]VTCci Deration SlueSoleil - Main Window
Figure 22 Method to connect with Bluetooth device
The symbol is selected to connect to the Bluetooth serial port service. Then,
communication will be interface to the serial port service via hyper terminal. The
Hyper terminal is connected to the serial port selection which depends on the serial
port that was designated by BlueSoleil software. The appropriate baud rate is
selected. Suitable baud rate for the Bluetooth module is 115200 bps.
t IVT Corporation BlueSoleil; Main Window
Figure 23 Bluetooth serial port setup
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4.5.2 Bluetooth Connection to control Servo motor
Once the appropriate setup for Bluetooth connection is establish, HyperTerminal is
ready to send data to control the movement of the servos. As for this project, four
servos are controlled so that to have two unit of wireless pant and tilt camera
platform. Two units of servos are used to cater for pant operationand two units for tilt
operation. Figure 24 below shows how inputs from first microcontroller are sent to
the second microcontroller.
Figure 24 Schematic for Wireless Pan and Tilt Surveillance Platform
As we can see, the first microcontroller will receive input form the bluetooth module
in the form of character and the output from the first microcontroller will become the
input for the second microcontroller. C coding for the bluetoothwireless transmission
is attached in APPENDIX R. The Character Translation for the first microcontroller
is as shown in Table 4 below
24


















Meanwhile, the second microcontroller is usedto control the position for the cameras.
Output pin B0, Bl, B2 and B3 are used to generate PWM waveform according to
input condition so that to control the movement for each servo. The PWM waveform
is generated by creating a delay on the main loop of the PIC application. The choice
of which output pin to use to drive the pulse hi and low is depends on the input from
the keyboard. Table 5 below shows the respective character used to control the
position ofpan and tilt operation. C coding for the servo isattached inAPPENDIX S.
Table 5 Servo controller Pin Operation
Character Output Pin Platform Position
1 B0 high PanCaml 90 degree (left)
2 B0 high PanCaml 45 degree (left)
3 B0 high PanCaml 0 degree (center)
4 B0 high PanCaml 90 degree (right)
5 B1 high PanCaml 45 degree (right)
6 B1 high TiltCaml 45 degree (up)
7 B1 high TiltCaml 0 degree (center)
8 B2 high TiltCaml 45 degree (down)
9 B2 high PanCam2 90 degree (left)
0 B2 high PanCam2 45 degree (left)
q B2 high PanCam2 0 degree (center)
w B2 high PanCam2 90 degree (right)
e B2 high PanCam2 45 degree (right)
r B3 high TiitCam2 45 degree (up)
t B3 high TiltCam2 0 degree (center)




The main objectiveof this project is to have a wireless pan and tilt platformfor object
tracking utilizing webcam. The current wired system is using universal serial bus
(USB) to send video signal from the webcam to the PC. From the data of object
location, MATLAB will send the necessary commands to the platform to move along
to the angle and direction ofobject location via serial port RS232. As for this project,
RF and Bluetooth module is used to perform the wireless transmission part from PC
so that to move the servo motors. The circuit design is test by sending character
values from PC via hyper terminal into the communication pin of communication
microcontroller. The task is focusing on sending of data from PC across the
transmission module wirelessly. Bluetooth solution has a higher frequency and lower
signal to noise ration compared to RF solution.
26
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• Low power and high noise immunity CMOS
technology
• Low standby current: O.luA (typ.) at
VDD=5V
• HT12A with a 38kHz carrier for infrared
transmission medium
• Minimum transmission word
- Four words for the HT12E
- One word for the HT12A
Applications
• Burglar alarm system
• Smoke and fire alarm system
• Garage door controllers
• Car door controllers
General Description
12
The 2 encoders are a series of CMOS LSIs for
remote control system applications. They are
capable of encoding information which consists
of N address bits and 12-N data bits. Each ad
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are transmitted together with the header bits
Selection Table
>122 Series of Encoders
Built-in oscillator needs only 5% resistor
Data code has positive polarity
Minimal external components
18-pin DIP or 20-pin SOP package available
forHT12A
14718-pin DIP or 16/20-pin SOP or 16-pin




Other remote control systems
via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E or a DATA
trigger on the HT12A further enhances the ap
plication flexibility of the 2 series of encoders.
The HT12A additionally provides a 38kHz car









Oscillator Trigger Package CarrierOutput
Negative
Polarity
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2n Series of Encoders
*QDOUT
•ODOUT





























































































































































Input pins for address A0-A7 setting














Input pins for address/data AD8-AD11 setting




Input pins for data D8-D11 setting and transmission en
able, active low
These pins can be externally set to VSS or left open
(see Note)




Latch/Momentary transmission format selection pin:




Pull-high Transmission enable, active low (see Note)
OSC1 I OSCILLATOR 1 Oscillator input pin
OSC2 0 OSCILLATOR 1 Oscillator output pin
XI I OSCILLATOR 2 455kHz resonator oscillator input
X2 0 OSCILLATOR 2 455kHz resonator oscillator output
VSS I — Negative power supply (GND)
VDD I — Positive power supply
Notes: D8-D11 are all data input and transmission enable pins of the HT12A.























Supply Voltage (HT12A) -Q.3V to 5.5V Supply Voltage (HT12E) -0.3V to 13V
Input Voltage Vss-0-3 to VDD+0-3V Storage Temperature -50°C to 125°C
Operating Temperature -20°C to 75°C
Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi
mum Ratings" may cause substantial damage to the device. Functional operation of this device
at other conditions beyond those listed in the specification is not implied and prolonged expo









Min. Typ. Max, Unit
Vdd Conditions




— 0.1 1 uA




— 200 400 HA
5V — 400 800 uA
Idout Output Drive Current 5V
VOH=0.9VDD (Source) -1 -1.6 — mA
VoL=0.1VDD(Sink) 2 3.2 — mA
Vm "H" Input Voltage — — 0.8VDD — Vdd V
VlL "L" Input Voltage — — 0 — 0.2VDd V
Hdata D2-D11 Pull-high
Resistance




Min. Typ. Max. Unit
Vdd Conditions




— 0.1 1 uA




— 40 80 uA
12V — 150 300 mA
Idout Output Drive Current 5V
VOh=09Vdd (Source)
-1 -1.6 — mA
VOL=0.1VDD(Sink) 1 1.6 — mA
Vm "H" Input Voltage — — 0.8VDD — Vdd V
Vil "L" Input Voltage — — 0 — 0.2Vdd V
fosc Oscillator Frequency 5V Rosc=l.lM£i — 3 — kHz
Rte TE Pull-high Resistance 5V Vto=OV — 1.5 3 MO.
August 30, 1999
<#>HOLTEK >122 Series ofEncoders
Functional Description
Operation
12The 2 series of encoders begin a 4-word transmission cycle upon receipt of a transmission enable
(TE for the HT12E or D8-D11 for the HT12A, active low). This cycle will repeat itself as long as the
transmission enable (TE or D8-D11) is held low. Once the transmission enable returns high the en






|4- 4 words -p K~ 8%SS& —N*- ^wanjs -H
Transmission timing for the HT12E
D8-D1
Key
-•( [*~ < 1 word
BS8SJ1 _




_^| }4_ < 1 word
Encoder
DOUT J








Transmission timing for the HT12A (L/MB=Floating or VDD)
(alldata=1)
|«- 7 words ->|
|«- 1 word
Transinission timing for the HT12A (L/MB=VSS)
August 30,1999
#>HOLTEK %122 Series of Encoders
Information word
If L/MB=1 the deviceis in the latch mode(foruse with the latch type ofdata decoders). When the trans
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then
stops. On the other hand, ifL/MB=0 the deviceis in the momentary mode(foruse with the momentary
type of data decoders). When the transmission enable is removed during a transmission, the DOUT
outputs a complete word and then adds 7 words all with the "1" data code.
An information word consists of 4 periods as illustrated below.
'/////////////////////,
'/>"
pilot period (12 bits)
•1/3 bit sync period


















Address/Data bit waveform for the HT12E
-•j Address Bit
Address/Data bit waveform for the HT12A
August 30,1999
<#>HOLTEK t122 Series of Encoders
The address/data bits of the HT12A are transmitted with a 38kHz carrier for infrared remote con
troller flexibility.
Address/data programming (preset)
The status of each address/data pin can be individually pre-set to logic "high" or "low". Ifa transmis
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad
dress/data serially in the order AO to ADll for the HT12E encoder and AO to Dll for the HT12A
encoder.
During information transmission these bits are transmitted with a preceding synchronization bit. If
the trigger signal is not applied, the chip enters the standby mode and consumes a reduced current of
less than luAfor a supply voltage of 5V.
Usual applications preset the address pins with individual security codes using DIP switches or PCB
wiring, while the data is selected by push buttons or electronic switches.








'r\ 'r\ 'a 'a 'a 'o 'o 'o *•







Pilot AO Al A2 A3 A4 A5 A6 A7 AD8 AD9 AD10 ADll
&
Sync. 1 0 1 0 0 0 1 1 1 1 1 0
August 30,1999
.**HOLTEK 212 Series of Encoders
Address/Data sequence
The following provides the address/data sequence table for various models of the 21" series of





0 1 2 3 4 5 6 7 8 9 10 11
HT12A AO Al A2 A3 A4 A5 A6 A7 D8 D9 D10 Dll
HT12E AO Al A2 A3 A4 A5 A6 A7 AD8 AD9 AD10 ADll
Transmission enable
For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmission is enabled by applying a low signal to one of the data pins D8-D11.
Two erroneous HT12E application circuits
The HT12E must follow closely the application circuits provided by Holtek (see the "Apphcation cir
cuits").














Send "1" 7 times for
all of the data codes
HT12E
Notes: D8~D11 are transmission enables of the HT12A.
TE is the transmission enable of the HT12E.
11

















212 Series of Encoders
Rose (tl)
9 10 11 12 13 VDD (VDC)
The recommended oscillator frequency is fosCD (decoder) = 50 fosCE (HT12E encoder)






















16 455kn . ,
.c S <iomq







Notes: Typical infrared diode: ET.-1L2 (KODENSHI CORP.)













• Operating voltage: 2.4V-12V
• Low power and high noise immunity CMOS
technology
• Low standby current
• Capable of decoding 12 bits of information
• Pair with Holtek's 2 series of encoders
• Binary address setting
• Received codes are checked 3 times
Applications
• Burglar alarm system
• Smoke and fire alarm system
• Garage door controllers
• Car door controllers
General Description
12
The 2 decoders are a series of CMOS LSIs for
remote control system.applications. They are
paired with Holtek's 2 series of encoders (re
fer to the encoder/decoder cross reference ta
ble). For proper operation, a pair of
encoder/decoder with the same number of ad
dresses and data format should be chosen.
The decoders receive serial addresses and data
from a programmed 2 series of encoders that
are transmitted by a carrier using an RF or an
IR transmission medium. They compare the se
rial input data three times continuously with
Selection Table
if22 Series of Decoders
Address/Data number combination
- HT12D: 8 address bits and 4 data bits
- HT12F: 12 address bits only
Built-in oscillator needs only 5% resistor
Valid transmission indicator






Other remote control systems
their local addresses. If no error or unmatched
codes are found, the input data codes are de
coded and then transferred to the output pins.
The VT pin also goes high to indicate a valid
transmission.
12The 2 series of decoders are capable of decod
ing informations that consist of N bits of ad
dress and 12-N bits of data. Of this series, the
HT12D is arranged to provide 8 address bits
and 4 data bits, and HT12F is used to decode 12






VT Oscillator Trigger Package
No. Type
HT12D 8 4 L V RC oscillator DIN active "Hi" 18 DrP/20 SOP
HT12F 12 0
—
V RC oscillator DIN active "Hi" 18 DIP/20 SOP
Notes: Data type: L stands for latch type data output.










































































































Input pins for address A0~A11 setting
They can be externally set to VDD or VSS.
D8-D11 0 CMOS OUT Output data pins
DIN I CMOS IN Serial data input pin
VT 0 CMOS OUT Valid transmission, active high
OSC1 I OSCILLATOR Oscillator input pin
OSC2 0 OSCILLATOR Oscillator output pin
VSS I
— Negative power supply (GND)
VDD I
— Positive power supply











Supply Voltage -0.3V to 13V
Input Voltage Vss-0.3 to VDD+0.3V
Storage Temperature ~50°C to 125°C
Operating Temperature -20°C to 75°C
Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi
mum Ratings" may cause substantial damage to the device. Functional operation of this de
vice at other conditionsbeyondthose listed in the specification is not implied and prolonged
exposure to extreme conditions may affect device reliability.
July 12, 1999




Min. Typ. Max. Unit
VDD Conditions




— 0.1 1 uA
12V — 2 4 MA
Idd Operating Current 5V
No load
fOSC=150kHz — 200 400 uA
Io
Data Output Source
Current (D8-D11) 5V VOH=4.5V -1 -1.6 — mA
Data Output Sink
Current (D8-D11) 5V
VOL=0.5V 1 1.6 — mA
IVT
VT Output Source Current
5V
VOH=4.5V -1 -1.6 — mA
VT Output Sink Current VOL=0.5V 1 1.6 — mA
vm "H" Input Voltage 5V — 3.5 — 5 V
Vil "L" Input Voltage 5V — 0 — 1 V





12The 2 series of decoders provides various com
binations of addresses and data pins in differ
ent packages so as to pair with the 2 series of
encoders.
The decoders receive data that are transmitted
by an encoder and interpret the first N bits of
code period as addresses and the last 12-N bits
as data, where N is the address code number. A
signal on the DIN pin activates the oscillator
which in turn decodes the incoming address
and data. The decoders will then check the re
ceived address three times continuously. If the
received address codes all match the contents of
the decoder's local address, the 12-N bits of
data are decoded to activate the output pins
and the VT pin is set high to indicate a valid
transmission. This will last unless the address
code is incorrect or no signal is received.
The output of the VT pin is high only when the
transmission is valid. Otherwise it is always
low.
Output type
Ofthe212 series ofdecoders, theHT12F has no
data output pin but its VT pin can be used as a
momentary data output. The HT12D, on the
other hand, provides 4 latch type data pins












HT12D 4 8 Latch 2.4V-12V
HT12F 0 12 — 2.4V-12V
2n Series of Decoders
Flowchart
The oscillator is disabled in the standby state
and activated when a logic "high" signal applies
to the DIN pin. That is to say, the DIN should be
kept low if there is no signal input.












-»j \+- <1 word
Encoder
DOUT J









Encoder/Decoder cross reference table
r+- check
I





Data Pins Address Pins VT Pair Encoder
Package
Encoder Decoder
DIP SOP DIP SOP









The following table provides address/data sequence for variousmodelsofthe 21Z series ofdecoders. A




0 1 2 3 4 5 6 7 8 9 10 11
HT12D A0 Al A2 A3 A4 A5 A6 A7 D8 D9 D10 Dll
HT12F A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All
July 12,1999
&HOLTEK >122 Series ofDecoders




10 11 12 13 VDD (V DC)
The recommended oscillator frequency is fosCD (decoder) = 50 fosCE (HT12E encoder)
= ~ fosCE (HT12A encoder).
o
July 12,1999








Notes: Typical infrared receiver: PIC-12043T/PIC-12043S (KODESHI CORP.)
or LTM9052 (UTEON CORP.)
Typical RF receiver: JR-200 (JUWA CORP.)








SLLS047I - FEBRUARY 1989 - REVISED OCTOBER 2002
» Meet or Exceed TIA/EIA-232-F and ITU
Recommendation V.28
• Operate With Single 5-V Power Supply
» Operate Up to 120 kbit/s
ft Two Drivers and Two Receivers
• +30-V Input Levels
• Low Supply Current... 8 mA Typical
• Designed to be Interchangeable With
Maxim MAX232
• ESD Protection Exceeds JESD 22








The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTUCMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V,and can accept +30-V inputs. Each
driver converts TTUCMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ library.
MAX232... D, DW, N, OR NS PACKAGE



































Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR 'MAX232
-40°C to 85°C
PDIP (N) Tube MAX2321N MAX232IN
SOIC (D) Tube MAX232ID MAX232I
Tape and reel MAX232IDR
SOIC (DW) Tube MAX232IDW MAX2321
Tape and reel MAX232IDWR
t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
__ Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
GLm Texas Instruments semiconductor products and disclaimers thereto appears atthe end ofthis data sheet.
LinASIC is a trademark of Texas Instruments.
PRODUCTION DATA Information is currant as of pubflwUon date.




pqST OFRCE BOX 655303 • DALLAS, TEXAS 75265
Copyright© 2002, Texas Instruments Incorporated
UAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS
>LLS047I - FEBRUARY 1989 - REVISED OCTOBER 2002







































POSTOFRpE BOX 655303• DALLAS, TEXAS 75265
MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS
SLLS047I - FEBRUARY 19S9 - REVISED OCTOBER 2002
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Input supply voltage range, Vcc (w® Note 1) -0-3 V to 6 V
Positive output supply voltage range, Vs+ Vcc - 0.3 Vto 15 V
Negative output supply voltage range, Vs_ -0.3 V to -15 V
Inputvoltage range, Vj: Driver -0.3 V to Vcc + °-3 v
Receiver ±30 V
Output voltage range, V0: T10UT, T20UT Vs_ - 0.3 V to Vs+ + 0.3 V
RIOUT, R20UT -0.3 V to VCc + 0.3 V
Short-circuit duration: TIOUT, T20UT Unlimited




Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C
Storagetemperature range, Tstg -65°C to 150°C
t stresses beyond thoselisted under "absolute maximum ratings" may causepermanent damagetothedevice. Thesearestress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not
implied. Exposure to absofute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1: All voltage values are with respect to network ground terminal.
2. The package thermal impedance is calculated in accordance with JESD 51-7.
recommended operating conditions
RUN NOM MAX UNIT
vCc Supply voltage 4.5 5 5.5 V
V|H High-level input voltage {T1IN,T2IN) 2 V
V|L Low-level input voltage (T1IN, T2IN) 0.8 V
R1IN,R2IN Receiver input voltage ±30 V




electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)
PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT
'CC Supply current Vcc = 5-5 V, Alloutputs open,TA= 25°C 8 10 mA
*Atl typical values are atVqq =5Vand TA =25"C.
NOTE 3: Test conditionsare C1-C4 = 1 \iFat Vcc = 5 V± 0.5 V.
^ Texas
Instruments
POST OFFICE BOX 655303 • DALLAS,TEXAS 75265
MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS
3LLS047I - FEBRUARY 1989 - REVISED OCTOBER 2002
DRIVER SECTION
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
voh High-level output voltage T10UT, T20UT R|_- 3 kft to GND 5 7 V
vol Low-level output voltagef- T10UT, T20UT RL = 3 kp to GND _7 -5 v
r0 Output resistance T10UT, T20UT Vs+ =Vs_ =0, V0 =+2V 300 a
'os§ Short-circuit output current T10UT.T20UT Vcc • 5.5 V, Vo =0 ±10 mA
hs Short-circuit input current T1IN.T2IN' V| = 0 200 pA
I" Ail typical values areatVcc =5 V, TA =25°C.
tThe algebraic convention, in which the least positive (m,ost negative) value isdesignated minimum, isused in this data sheet for logic voltage
levels only.
J Not more than one output should be shorted at a time.
MOTE 3: Test conditions are C1-C4 = 1 |xFat Vcc = 5 V ± 0.5 V.
switching characteristics, Vcc = 5 v» TA = 25°C (see Note 3)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Driver slew rate R|_= 3 kH to 7 kQ,
See Figure 2 30 V/ps
SR(t) Driver transition region slew rate See Figure 3 3 V/ns
Data rate One TOUT switching 120 kbit/s
•JOTE 3: Test conditionsare C1-C4 = 1 ^F at Vcc = 5 V± 0.5 V.
RECEIVER SECTION
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
voh High-level output voltage R10UT, R20UT (0h = -1 mA 3.5 V
Vvol Low-level output voltage* R1QUT, R20UT tOL~ 3-2 mA 0.4
V|T+ Receiver positive-going inputthreshold voltage R1IN.R2IN VCC = 5V, TA= 25°C 1.7 2.4 V
V|T- Receiver negative-going inputthreshold voltage R1IN.R2IN VCC = 5V, TA-25°C 0.8 1.2 V
vhys Input hysteresis voltage R1IN, R2IN, VCC = 5V 0.2 0.5 1 V
n Receiver input resistance R1IN.R2IN VCC - 5. TA = 25QC 3 5 7 ten
f* All typical values areatVcc =5 V, tA=25°C.
fThe algebraic convention, in which the least positive (most negative) value isdesignated minimum, is used in this data sheet for logic voltage
levels only.
40TE 3: Test conditionsare C1-C4 = 1 \if at Vcc = 5 V± 0.5 V.
switching characteristics, Vcc = 5 V, TA = 25°C (see Note 3 and Figure 1)
PARAMETER TYP UNIT
tpLH(R) Receiver propagation delaytime,low- to high-level output 500 ns
tPHL(R) Receiver propagation delaytime, high- to low-level output 500 ns
JOTE3: Test conditionsare C1-C4 - 1 jaF at Vcc = 5 V± 0.5 V.
^ Texas
Instruments
POST OFFIpE BOX 655303 • DALLAS, TEXAS 75285
MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS













RL = 1.3 kfi
See Note C
C|_=50pF
j2 {see Note B)
TEST CIRCUIT















NOTES: A. The pulsegeneratorhas the following characteristics: Zq = 50 Q,dutycycle^ 50%.
B. C[_ Includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent,
Figure 1. Receiver Test Circuit and Waveforms for tPHL and *PLH Measurements
^r Texas
Instruments
PqSTOFFICE BOX 655303 • DALLAS, TEXAS 75265
U1AX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

















.10% 10% £ 90%






&K _ - or _
TTLH *THL
WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: Zo = 50 £2, duty cycle £ 50%.
B. C|_ includes probe and jig capacitance.


























NOTEA: The pulse generator has the following characteristics: Zq = 50 n, duty cycle < 50%.
Figure 3. Test Circuit and Waveforms for *thl and trLH Measurements (20-lis input)
^ Texas
Instruments






















From CMOS or TTL
To CMOS or TTL













Figure 4, Typical Operating Circuit
^ Texas
Instruments






Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verifythat such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment.
Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.
Tl assumes no liabilityfor applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.
Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask workright,or otherTl intellectual property right relating to any combination, machine, or process
inwhich Tl products or services are used. Informationpublished by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of Tl.
Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this informationwith alteration is ari unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.
Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair anddeceptive business practice. Tl is notresponsible or liable foranysuch statements.
Mailing Address:
Texas Instruments
Post Office Box 655303
Dallas, Texas 75265





18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller
High Performance RISC CPU Features:
• Only 35 single word instructions to learn
• All instructions single-cycle except for program
branches which are two-cycle
• Operating speed: DC - 20 MHzclock input
IDC - 200 ns instruction cycle
• 1024 words of program memory
• 68 bytes of Data RAM
• 64 bytes of Data EEPROM
• 14-bit wide instruction words
• 8-bit wide data bytes
• 15 Special Function Hardware registers
• Eight-level deep hardware stack
• Direct, indirect and relative addressing modes
• Four interrupt sources:
- External RBO/INT pin
- TMRO timer overflow
- PORTB<7:4> interrupt-on-change
- Data EEPROM write complete
Peripheral Features:
• 131/0 pins with individual direction control
• High current sink/source fordirect LEDdrive
- 25 mA sink max. per pin
- 25 mA source max. per pin
• TMRO: 8-bit timer/counter with 8-bit
programmable prescaler
Special Microcontroller Features:
• 10,000 erase/write cycles Enhanced FLASH
Program memory typical
• 10,000,000 typical erase/write cycles EEPROM
Data memory typical
• EEPROM Data Retention > 40 years
• In-Circuit Serial Programming™ (ICSP™) - via
two pins
• Power-on Reset (POR), Power-up Timer (PWRT),
Oscillator Start-up Timer (OST)
• Watchdog Timer (WDT)with its own On-Chip RC
Oscillator for reliable operation
« Code protection
• Power saving SLEEP mode
• Selectable oscillator options










































Vss **l 5 o» 16 ]-—Vdd
Vss—-ri 6 ff 15 ]-• VDD
RBO/INT *-*l 7 > 14 3*—RB7
RB1*-*D 8 13 1*_^RB6
RB2->—C 9 12 ]^_*RB5
RB3 *^-E 10 11 T*— RB4
CMOS Enhanced FLASH/EEPROM
Technology:
• Low power, high speed technology
• Fully static design
• Wide operating voltage range:
- Commercial: 2.0V to 5.5V
- Industrial: 2.0V to 5.5V
• Low power consumption:
- < 2 mA typical @ 5V, 4 MHz
- 15 uA typical @2V, 32 kHz
- < 0.5 uA typical standby current @ 2V
DS35007B-page 1
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0SC1/CLKIN 16 16 18 I ST/CMOS,3) Oscillator crystal input/external clock source input.
OSC2/CLK0UT 15 15 19 0 Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode. In RC mode,
OSC2 pin outputs CLKOUT, which has 1/4 the
frequency of OSC1 and denotes the instruction
cycle rate.
MCLR 4 4 4 l/P ST Master Clear (Reset) input/programming voltage
input This pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAO 17 17 19 I/O TTL
RA1 18 18 20 I/O TTL
RA2 1 1 1 I/O TTL
RA3 2 2 2 I/O TTL
RA4/T0CKI 3 3 3 I/O ST Can also be selected to be the clock input to the
TMRO timer/counter. Output is open drain type.
PORTB is a bi-directional I/O port. PORTB can be
software programmed for internal weak pull-upon
all inputs.
RBO/INT 6 6 7 i/Q TTL/ST*1* RBO/INT can also be selected as an external
interrupt pin.
RB1 7 7 8 I/O TTL
RB2 8 8 9 I/O TTL
RB3 9 9 10 I/O TTL
RB4 10 10 11 I/O TTL Interrupt-on-change pin.
RB5 11 11 12 I/O TTL Interrupt-on-change pin.
RB6 12 12 13 I/O TTL/ST<2> Interrupt-on-change pin.
Serial programming clock.
RB7 13 13 14 I/O TTL/ST<2> Interrupt-on-change pin.
Serial programming data.
vss 5 5 5,6 p — Ground reference for logic and I/O pins.
Vdd 14 14 15,16 p — Positive supply for logic and I/O pins.
Legend. I= input O = Output




Note 1: This buffer is
2: This bufier is
3: This buffer is
DS350Q7B-page 4
I/O = Input/Output P = Power
TTL = TTL input ST • Schmitt Trigger input
input when configured as the external interrupt,
input when used in Serial Programming mode.
Input when configured in RC oscillator mode and a CMOS input otherwise.
© 2001 Microchip Technology Inc.
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2.2 Data Memory Organization
The data memory is partitioned into two areas. The first
is the Special Function Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFRs control the operation of the device.
Portions of data memory are banked. This is for both
the SFR area and the GPR area. The GPR area is
banked to allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
registers that control the peripheralfunctions. Banking
requires the use of control bits for bank selection.
These control bits are located in the STATUSRegister.
Figure2-2 shows the data memorymap organization.
instructions movwf and movf can move values from
the W register to any location in the register file ("F"),
and vice-versa.
The entire data memory can be accessed either
directly using the absolute address of each register file
or indirectly through the File Select Register (FSR)
(Section 2.5). Indirect addressing uses the present
value of the RPO bit for access into the banked areas of
data memory.
Data memory is partitioned into two banks which
contain the general purpose registers and the special
function registers. Bank 0 is selected by clearing the
RPObit (STATUS<5>). Setting the RPObitselects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen
eral Purpose Registers, implemented as static RAM.
2.2.1 GENERAL PURPOSE REGISTER
FILE
Each General Purpose Register (GPR) is 8-bits wide
and is accessed either directly or indirectly through the
FSR (Section 2.5).
The GPR addresses in Bank 1 are mapped to
addresses in Bank 0. As an example, addressing loca
tion OCh or 8Ch willaccess the same GPR.
DS35007B-page 6
FIGURE 2-2: REGISTER FILE MAP
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Bank 0 Bank 1
fomented data memory location, rea
Not a physical register.
d as '0'.
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2.3 Special Function Registers
The Special Function Registers (Figure 2-2 and
Table 2-1) are used by the CPU and Peripheral
functions to control the device operation. These
registers are static RAM.
PIC16F84A
The special function registers can be classified into two
sets, core and peripheral. Those associated with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.
TABLE 2-1: SPECIAL FUNCTION REGISTER RLE SUMMARY







OOh INDF Uses contents of FSR to address Data Memory(not a physical register) 11
01h TMRO 8-bit Real-Time Clock/Counter xxxx xxxx 20
02h PCL LowOrder 8 bits of the Program Counter (PC) 0000 0000 11
03h STATUS'2' IRP RP1 RPO TO PD Z DC C 0001 lxxx 8
04h FSR Indirect Data Memory Address Pointer 0 xxxx xxxx 11
05h PORTA'4*
— : —• ;— RA4/T0CK! RA3 RA2 RA1 RAO X xxxx 16
06h PORTB<5> RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT xxxx xxxx 18
07h . __• • Unimplemented location, read as *0'
..-—"
• _ •
08h EEDATA EEPROM Data Register xxxx xxxx 13,14




. _ • Write Buffer for upper5 bitsofthe PC*1' 0 0000 11
OBh INTCON GIE EBE TOIE INTE RBIE TOIF INTF RBIF 0000 OOOx 10
Bankl
80h INDF Uses Contents of FSR to address Data Memory(not a physical register) 11
81 h OPTIONJ?EG RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 9
82h PCL Low order8 bitsofProgram Counter (PC) 0000 0000 .__._
83h STATUS <2> IRP RP1 RPO TO PD Z DC C 0001 lxxx 8
84h FSR Indirect data memory address pointer 0 xxxx xxxx 11
85h TRISA
• .— • . — , — ' • PORTA Data Direction Register
—1 1111 16
86h TRISB PORTB Data Direction Register 1111 1111 18
87h:
". .•—
Unimplemented location, read as'0'
, " — • • —
88h EECON1
- .— .
: —. •• '.— EEIF WRERR WREN WR RD 0 xOOO 13
89h EECON2 EEPROM Control Register 2 (not a physicalregister) 14
OAh PCLATH "—. - __._ : — ' Write buffer for upper5 bite ofthe PC*1' 0 0000 11
OBh INTCON GIE EEIE TOIE INTE RBIE TOIF INTF RBIF 0000 OOOx 10
Legend: x = unknown, u = unchanged. - = unimplemented, read as '0', q = value depends on condition
Note 1: The upper byte of the programcounter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contente
of PCLATH can be transferred to the upper byte of the program counter,but the contents of PC<12:8> are never trans
ferred to PCLATH.
The TO and PD status bits in the STATUS register are not affected by a MCLR Reset.
Other (non power-up) RESETS inqlude: external RESET through MCLR andthe Watchdog Timer Reset.
On any device RESET, these pins are configuredas inputs,
This isthevalue that will be in theport output latch.
^ti





28/40/44-Pin Enhanced Flash Microcontrollers






• Only 35 single-word instructions to leam
• Ail single-cycle instructions except for program
branches, which are two-cycle
• Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
• Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
• Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers
Peripheral Features:
• TimerO: 8-bit timer/counter with 8-bit prescaier
• Timerl: 16-bit timer/counter with prescaier,
can be incremented during Sleep via external
crystal/clock
• Timer2: 8-bit timer/counter with 8-bit period
register, prescaier and postscaler
• Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
• Synchronous Serial Port (SSP) with SPi™
(Master mode) and l2C™ (Master/Slave)
• Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection
• Parallel Slave Port (PSP) - 8 bits wide with
external RD, WR and CS controls (40/44-pin only)
• Brown-out detection circuitry for
Brown-out Reset (BOR)
Analog Features:
• 10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)
• Brown-out Reset (BOR)
• Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(Vref) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs are externally accessible
Special Microcontroller Features:
• 100,000 erase/write cycle Enhanced Flash
program memory typical
• 1,000,000 erase/write cycle Data EEPROM
memory typical
• Data EEPROM Retention > 40 years
• Self-reprogrammable under software control
• In-CircuitSerial Programming™ (ICSP™)
via two pins
• Single-supply 5V In-Circuit Serial Programming
• Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation
• Programmable code protection
• Power saving Sleep mode
• Selectable oscillator options
• In-Circuit Debug (ICD) via two pins
CMOS Technology:
• Low^jower, high-speed Flash/EEPROM
technology
• Fully static design
• Wide operating voltage range (2.0V to 5.5V)






















PIC16F873A 7.2K 4096 192 128 22 5 2 Yes Yes Yes 2/1 2
PIC16F874A 7.2K 4096 192 128 33 8 2 Yes Yes Yes 2/1 2
PIC16F876A 14.3K 8192 368 256 22 5 2 Yes Yes Yes 2/1 2
PIC16F877A 14.3K 8192 368 256 33 8 2 Yes Yes Yes 2/1 2























c 1 w 40 3
c 2 39 3
c 3 38 3
c 4 37 3
d 5 36 1
c 6 35 3
c 7 ? 34 3




c 10 3,1 3
L 11 CO 30 3
L" 12 Ik 29 3
L" 13 28 3
c 14 27 3
r. 15 26 3
c 16 25 3
c 17 24 u
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0SC1/CLKI 9 6 ST/CMOS'3' Oscillator crystal or external clock input.
0SC1 I Oscillator crystal input or external dock source input. ST
buffer when configured in RC mode; otherwise CMOS-
CLKl 1 External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
0SC2/CLK0 10 7 — Oscillator crystal or clock output.
0SC2 0 Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO 0 In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/Vpp 1 26 ST Master Clear (input) or programming voltage (output).
MCLR 1 Master Clear (Reset) input. This pin is an active low Reset
to the device.
Vpp P Programming voltage input.
PORTA is a bidirectional I/O port.
RAO/ANO 2 27 TTL
RAO I/O Digital I/O.
ANO 1 Analog input 0.
RA1/AN1 3 28 TTL
RA1 I/O Digital I/O.
AN1 1 Analog input 1.
RA2/AN2A/REF-/ 4 1 TTL
CVREF I/O Digital I/O.
RA2 1 Analog input 2.
AN2 1 A/D reference voltage (Low) input.
Vref- 0 Comparator Vref output.
CVREF
RA3/AN3A/REF+ 5 2 TTL
RA3 I/O Digital I/O.
AN3 1 Analog input 3.
VREF+ I A/D reference voltage (High) input.
RA4/T0CKI/C1OUT 6 3 ST
RA4 I/O Digital I/O- Open-drain when configured as output.
TOCK! 1 TimerO external clock input.
C10UT 0 Comparator 1 output.
RA5/AN4/SS/C20UT 7 4 TTL
RA5 I/O Digital I/O.
AN4 1 Analog input 4.
SS 1 SPI slave select input.
C20UT 0 Comparator 2 output.
Legend: I = input




This buffer is a
This bufier is a
This buffer is a
O = output I/O = input/output P - power
TTL = TTL input ST = Schmitt Trigger input
Schmitt Trigger irtpufwhen configured as the external intemjpt.
Schmitt Trigger ipput, when used in Serial Programming mode.
Schmitt Trigger ipputwhen configured in RC Oseillator mode and a CMOS input otherwise.
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PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RB0/INT 21 18 TTUST*1*
RBO I/O Digital I/O.
INT f External interrupt.
RB1 22 19 I/O TTL Digital I/O.
RB2 23 20 I/O TTL Digital I/O.
RB3/PGM 24 21 TTL
RB3 I/O Digital I/O.
PGM 1 Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 I/O TTL Digital I/O.
RB5 26 23 I/O TTL Digital I/O.
RB6/PGC 27 24 TTL/S"^
RB6 I/O Digital I/O.
PGC 1 In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTL/ST*2*
RB7 I/O Digital I/O.
PGD I/O In-circuit debugger and ICSP programming data.
PORTC is a bidirectional I/O port.
RC0/T1OSO/T1CKI 11 8 ST
RCQ I/O Digital I/O.
T10SO 0 Timerl oscillator output.
T1CKI 1 Timerl external clock input.
RC1/T10S1/CCP2 12 ? ST
RC1 I/O Digital I/O.
T10SI 1 Timerl oscillator input.
CCP2 I/O Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 I/O Digital I/O.
CCP1 I/O Capturel input, Comparel output, PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 I/O Digital I/O.
SCK t/6 Synchronous serial clock input/output for SPI mode.
SCL I/O Synchronous serial clock input/output for l2C mode.
RC4/SD1/SDA 15 12 ST
RC4 I/O Digital I/O.
SDI 1 SPI data in.
SDA t/O t2Cdata I/O.
RC5/SD0 16 13 ST
RC5 I/O Digital I/O.
SDO 0 SPI data out.
RC6/TX/CK 17 14 ST
RC6 I/O Digital I/O.
TX 0 USART asynchronous transmit.
CK I/O USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 I/O Digital I/O.
RX 1 USART asynchronous receive.
DT I/O USART synchronous data.
Vss 8,19 5,6 p — Ground reference for logic and I/O pins.
VDD 20 17 p — Positive supply for logic and I/O pins.
Legend:
Note
I = input O = output I/O
— = Not used TTL = TTL input ST
This buffer is a Schmitt Trigger input when
This buffer is a Schmitt Trigger input when
This buffer is a Schmitt Trigger input when
© 2003 Microchip Technology Inc.
= input/output P = power
= Schmitt Trigger input
contoured as the external interrupt.
used in Serial Programming mode.
configured in RC Oscillator mode and a CMOS input otherwise.
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13 14 30 32
I
1
ST/CMOSW Oscillator crystal or external clock input.
Oscillator crystal input or extemal clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.
Extemal clock source input. Always associated





14 15 31 33
0
0
Oscillator crystal or clock output.
Oscillator crystal output.
Connects to crystal or resonator in Crystal
Oscillator mode.
In RC mode, OSC2 pin outputs CLKO, which





1 2 18 18
1
p
ST MasterClear(input) or programming voltage(output).
Master Clear (Reset) input. This pin is an active





















































































A/D reference voltage (High) input.
Digital I/O - Open-drain when configured as
output.










I = input O = eutput I/O
— = Not used TTL = TTL input ST
This buffer is a Schmitt Trigger input when
This buffer is a Schmitt Trigger input when
This buffer is a Schmitt Trigger input when
DS39582B-page 10
= input/output P = power
= Schmitt Trigger input
configured as the extemal interrupt.
used in Serial Programming mode.
configured in RC Oscillator mode and a CMOS input otherwise.
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PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-up on alt
inputs.
RBO/INT 33 36 8 9 TTL/ST*1'
RBO I/O Digital I/O.
INT I Extemal interrupt.
RB1 34 37 9 10 I/O TTL Digital I/O.
RB2 35 38 10 11 I/O TTL Digital I/O.
RB3/PGM 36 39 11 12 TTL
RB3 I/O Digital I/O.
PGM I Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 I/O TTL Digital I/O.
RB5 38 42 15 15 I/O TTL Digital I/O.
RB6/PGC 39 43 16 16 TTL/ST'2'
RB6 I/O Digital I/O.
PGC I In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTL/ST<2J
RB7 I/O Digital I/O.





f = input O = output
— = Not used TTL = TTL input
This buffer is a Schmitt Trigger input
This buffer is a Schmitt Trigger input
This buffer is a Schmitt Trigger ipput
© 2003 Microchip Technology Inc.
I/O = input/output P = power
ST = Schmitt Trigger input
when configured as the externa! interrupt,
when used in Serial Programming mode,
when configured in RC Oscillator mode and a CMOS input otherwise.
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Synchronous serial clock input/output for SPI
mode.



















































I= input 0 = output I/O= input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
This buffer is a Schmitt Trigger inputwhen configured as the extemal interrupt.
This buffer is a Schmitt Trigger input when used in Serial Programming mode.
This buffer is a Schmitt Trigger ipput when configured in RC Oscillator mode and a CMOS Input otherwise.
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PORTD is a bidirectional I/O port or Parallel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 ST/TTL'3'
RDO I/O Digital I/O.
PSPO I/O Parallel Slave Port data.
RD1/PSP1 20 22 39 39 ST/TTL(31
RD1 I/O Digital I/O.
PSP1 I/O Parallel Slave Port data.
RD2/PSP2 21 23 40 40 ST/TTLt3>
RD2 I/O Digital I/O.
PSP2 I/O Parallel Slave Port data.
RD3/PSP3 22 24 4t 41 ST/TTL'3'
RD3 I/O Digital I/O.
PSP3 I/O Parallel Slave Port data.
RD4/PSP4 27 30 2 2 ST/TTL(3>
RD4 I/O Digital I/O.
PSP4 I/O Parallel Slave Port data.
RD5/PSP5 28 31 3 3 ST/m_<3>
RD5 I/O Digital I/O.
PSP5 I/O Parallel Slave Port data.
RD6/PSP6 29 32 4 4 ST/TTL<3>
RD6 I/O Digital I/O.
PSP6 I/O Parallel Slave Port data.
RD7/PSP7 30 33 5 5 ST/TTL'31
RD7 I/O Digital I/O.
PSP7 I/O Parallel Slave Port data.
PORTE is a bidirectional I/O port.
RE0/RD/AN5 8 9 25 25 ST/TTL*3'
REO I/O Digital I/O.
RD 1 Read control for Parallel Slave Port.
AN5 1 Analog input 5.
RE1/WR/AN6 9 10 26 26 ST/TTL<3>
RE1 I/O Digital I/O.
WR 1 Write control for Parallel Slave Port.
AN6 1 Analog input 6.
RE2/CS/AN7 10 11 27 27 ST/TTL<3)
RE2 I/O Digital I/O.
CS 1 Chip select control for Parallel Slave Port.
AN7 1 Analog input 7.
Vss 12,31 13,34 6,29 6,30,
31
p — Ground reference for logic and I/O pins.
Vdd 11,32 12,35 7,28 7,8,
28,29









— These pins are not internally connected. These pins





t = input O = output
— = Not used TTL = TTL input
This buffer is a Schmitt Trigger input
This bufferis a SchmittTriggerinput
This bufferis a SchmittTriggerinput
© 2003 Microchip Technology Inc.
I/O = input/output P = power
ST = Schmitt Trigger input
when configured as the extemal interrupt,
when used in Serial Programming mode,

























































































































































else if(input(PlN_AO)-=0 && input(PIN_Al)=l && input(PIN_A2)==l)
//90 degree ccw
{




































































#use rs2$2(baud=9600, xmit=PIN_AO, rcv=PIN_Al, bits=8)
void mainQ
{












//from the function above, if the character cw' is type, the PINJBO, PIN_B1 and







//from the function above, if the character V is type, the PIN_B0, PIN_B1 and






//from the function above, if the character V istype, the PIN_B0 and PIN Bl in the
microcontroUer will be in initiated tolow and PIN B2 and PIN_B3 to high
}
Output_high(PIN_B4);
//The values ofdata at the output PORT Bwill be sent out via transmitter but first will be
encoded. The data are transmitted together with the header bits via RF transmission
medium upon receipt ofa trigger signal which is from PIN_B4. The header bit informed
























//servo at the default position








//servo turn 90 degree CW
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void display(unsigned char c)
{













// define 7 segment as PORTD
// subroutine to initialize
// set baud rate as 115200 baud
// subroutine to display the text on the screen
// subroutine to receive text from PC

























while(l) //wait for number and display it on 7segment























// subroutine to initialize
// set baud rate as 115200 baud
//PORTD as output port
void display(unsigned char c) // subrountine to display the text on the screen
}




while (RCIF = 0);
a - RCREG;
return a:



























// wait for 'ok' to be entered
a = receiveQ;
if(a = V) break;












if (a — '1')
{PORTD = 0b00000001;}
else if (a —'2')
{PORTD -ObOOOOOOOl;}
else if (a —'3')
{PORTD-ObOOOOOOOl;}






else if (a = 7')
{PORTD = 0b00000111;}
53
//pan 90 degree left (PanCaml)
//pan 45 degree left (PanCaml)
//0 degree (PanCaml)
//pan 45 degree right (PanCaml)
//pan 90 degree right (PanCaml)
//tilt 45 degree up(TiltCaml)
//0 degree (TiltCaml)
else if (a —'8')
{PORTD = ObOOOO1000;}
else if (a — *9')
{PORTD = 0b00001001;}
else if (a —'0')
{PORTD-ObOOOOlOlO;}
else if (a —'q1)
{PORTD = 0b00001011;}














//tilt 45 degree down(TiltCaml)
//pan 90 degree left (PanCam2)
//pan 45 degree left (PanCam2)
110 degree (PanCam2)
//pan 45 degreeright (PanCam2)
//pan 90 degree right (PanCam2)
//tilt 45 degreeup (TiltCam2)
//0 degree (TiltCam2)
//tilt 45 degree down(TiltCam2)
//motor stop
APPENDIX S




PIN_RB0 = output to the PanCaml
PINRB1 = output to the TiltCaml
PIN_RB2 - output to the PanCam2











outputJow(PIN_B3); //output to TilCam2
while(l)
{
if (input(PIN_D4)=0 && input(PIN_D3)=-0 && input(PIN_D2)==0 &&
input(PINJM)=0 && input(PIN_DO)—1)








else if(input(PIN_D4)==0 && input(PIN D3)==0 && input(PIN_D2)—0 &&
input(PIN_Dl)=-l && input(PINDO)=0)







else if(input(PIND4)-=0 && input(PIN_D3)=0 && input(PIN_D2)=-0 &&
input(PINJ)l)==l && input(PIN_DO)-=l)







else if(input(PIN_D4>=0 && input(PIN_D3)==0 && input(PIN_D2)==l &&
input(PIN_Dl)=0&& input(PIN_DO)=0)







else if(input(PIN_D4)==0 && input(PIN_D3)-=0 && input(PIN_D2)—1 &&
input(PIN_Dl)=0 && input(PIN_DO)==l)






else if(input(PIN_D4)==0 && input(PIN_D3)==0 && input(PIND2)==l &&
input(PIN_Dl)=l && input(PIN_DO)-=0)







else if(input(PIN_D4)==0 && input(PIN_D3)=0 && input(PIN_D2)-=l &&
input(PIN_Dl)==l && input(PIN_DO>=l)







else if(input(PINJ>4)=-0 && input(PIN_D3)=-l && input(PIN_D2)=0 &&
input(PIN_Dl)-=0 && input(PINDO)—0)








else if(input(PIN_D4)=-0 && input(PIN_D3)=l && input(PIN_D2)=0 &&
input(PIN_Dl)—0 && input(PIN_DO)=l)







else if(input(PIN_D4)-=0 && input(PIN_D3)=l && input(PIND2)—0 &&
input(PIN_Dl)=l && input(PIN_D0)—0)







else if(input(PIN_D4)—0 && input(PIN_D3)—1 && input(PIN_D2)=0 &&
input(PIN_Dl)=-l && input(PIN_DO)==l)








else if(input(PIN_D4)=0 && input(PIN_D3)=l && input(PIN_D2)—l &&
input(PIN_Dl)—0 && input(PIN_DO)=-0)







else if(input(PIN_D4)—0 && input(PIN_D3)=l && input(PIN D2)—1 &&
input(PIN_Dl)-=0 && input(PIN_D0)-=l)







else if(input(PIN_D4)==0 && input(PIN_D3)—1 && input(PIND2)-=l &&
input(PIN_Dl)=l && input(PIN_D0)=0)







else if(input(PIN_D4)—0 && input(PIN_D3)—1 && input(PIN_D2)=-l &&
input(PIN_Dl)=l && input(PIN_D0)—1)







else if(input(PIN_D4)==0 && input(PIN_D3)==l && input(PIN_D2)=l &&
input(PIN_Dl)==l && input(PIN_DO)==0)
// input-10000 45 degree down (TiltCam2)
{
outputJiigh(PIN_B3);
delay_us(1125);
outputJow(PIN_B3);
delay_ms(20);
}
else {}
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